Adeno-associated virus (AAV) and human papillomavirus (HPV) DNAs were found in abnormal quality semen, early abortus and female genital tissues. It was suggested that they might cause male infertility and miscarriages. This study was performed to determine the detection rate of these viruses in the semen and to assess the relationship between the presence of virus and male factor infertility and recurrent miscarriages. Sixty-three of 99 recruited male were included in this study according to the completeness of follow-up and the sample availability. Fourteen male with normal reproductive capacity were allocated to control group, 15 male with abnormal results in semen analysis were grouped as male factor infertility (MF) group, and 34 male whose spouses have had history of repeated spontaneous abortions were designated as repeated miscarriage (RM) group. AAV and HPV were detected in semen by polymerase chain reaction. The detection rate of AAV in the MF infertility group and RM group was 60.0% and 50.0%, respectively, while 14.3% in the control group (p < 0.05). However, the differences in the detection rate of HPV were not statistically significant among groups. These results suggest that AAV could be related to repeated miscarriages and male infertility.
INTRODUCTION
The replication of adeno-associated virus (AAV), which is a small non-enveloped single stranded DNA virus, usually requires co-infection with helper virus (1) . Among the 12 AAV serotype, AAV-2, 3, and 5 have been detected in human clinical samples (2, 3) . They belong to the genus
Dependovirus, family Parvoviridae (4).
Although AAV infection is yet thought to be nonpathogenic in human, there has been possibility of its association with early miscarriage and other reproductive problems during pregnancy (5~7). AAV DNA has been detected in uterus, early abortus, and female genital tissues (6, 8, 9) . Its detection rate (12~77%) depends on the experimental methods and the sampling conditions. Reports on the detection rate of AAV in cervical secretion and prevalence of serum antibodies to AAV indicated that AAV infections were significantly more frequent in pregnant women than in non-pregnant controls (10, 11) . AAV 339 infection occurred frequently in male reproductive tract and viral DNA of AAV was mainly detected in sperm fractions of the semen. These findings indicate the possibility of AAV being sexually transmitted. In the previous studies, AAV was frequently detected in the semen from men with infertility (12, 13) , which suggests that AAV might be a possible causative agent of male infertility. The presence of AAV in early abortus also indicates that AAV may be one of the causes of abortion (5, 7, 9) . Additionally, HPV, which is a helper virus of AAV, is involved in male factor infertility and can reduce the motility of sperm (14, 15) .
To assess the relationship between the presence of these viruses and male factor infertility and repeated miscarriages of their partners, the detection rates of AAV and HPV were evaluated in the semen. Thirty-six male were excluded from study; in 4 cases, there were no remaining samples or DNA after nucleic acid extraction procedure; in 32 cases, reproductivity could not be evaluated because they did not revisit the clinic or did not report whether pregnancy was maintained successfully or not.
MATERIALS AND METHODS

Patients
The semen samples were examined by routine analysis according to WHO guidelines. Abnormal semen was evaluated according to sperm concentration (less than 20 × 10 6 /ml) or sperm motility (less than 50%). Abnormal results were shown in 15 men and they were allocated to the male factor (MF) infertility group. Thirty-four men, whose wives had suffered from more than two miscarriages, were designated as the repeated miscarriages (RM) group.
We defined these two groups as an impaired reproductivity group. Fourteen men were allocated to control group; they had normal results in semen analysis and their conception partner had ongoing pregnancy to mid-trimester without any treatment for miscarriages.
DNA extraction
DNA extraction was performed using Real Genomics In all analyses, the value of p < 0.05 was considered significant.
RESULTS
To access the relationship between the detection of AAV and HPV in the semen and male infertility and recurrent miscarriages, semen analysis and amplification of specific sequences of both viruses were done. /ml and 67.9 ± 9.62%, respectively).
Cellular DNA was detected in all semen samples (achondroplasia sequence in chromosome 4p). AAV DNA in the semen was found in 50% (17/34) of RM and 60% (9/15) of MF infertility group, which was statistically significantly higher than control group (14%, 2/14) ( Table   2 ). Odds ratio of the MF infertility group in AAV detection compared with the control group was 9.0 (95% CI 1.46~ 55.48) and that compared with the RM group was 6.0 (95% CI 1.16~30.96).
HVP DNA was detected in the semen. Table 2 shows that the detection rates of HPV in RM (15%, 5/34) and MF infertility group (7%, 1/15) were not statistically different from that of control group (21%, 3/14). The co-infections of AAV with HPV were 14, 12 and 0% in the control, RM and MF infertility group, respectively.
DISCUSSION
AAV has been investigated with the purpose of carrying out gene therapy and does not seem to be pathogenic in human. However, AAV has been found to infect the genital system of both man and woman and might be associated with early miscarriages and other prenatal problems (5, 7, 9, 12, 18).
Since normal delivery can be expected if the pregnancy is maintained through the second trimester, men whose spousal pregnancies were ongoing to mid-trimester without any treatment of repeated miscarriage were used as the control group.
AAV detection rate of MF infertility group was significantly higher than control group. MF infertility group was subdivided by their semen characteristics and compared for AAV detection rate with control group. AAV positive rates in oligozoospermia, asthenozoospermia, and oligoasthenozoospermia subgroups were 67%, 43% and 80%, respectively. and male factor infertility. Although the effect of AAV on the male factor infertility has not been clearly defined, AAV DNA could be detected in the sperm and the testis of azoospermia patients (13) . This report suggests that AAV may exert the harmful effect on the sperm maturation.
Based on the report that semen containing lots of large sperms could cause repeated miscarriages because of the production of chromosomally abnormal embryos (19) , sperm morphology test were fulfilled among patients. AAV DNA was present in 50% of RM group, which was significantly because only the semen was tested in our study. Therefore further research is warranted to look into this possibility in women in the future.
The detection rate of AAV DNA in our study was higher than the previous reports (12, 13) . The differences in the prevalence of AAV infection due to racial or geographical disparity might have had influence on the result. Detection rate of AAV DNA in healthy women was 50% in Arkansas, but that in Jamaica was 0% even though same PCR protocol and primers were used (21, 22) . In several other reports, the prevalence of HPV DNA ranged from 4.5 to 36.5% in the semen of asymptomatic men (12, 13, 24, 25, 26) . The finding that the prevalence of HPV DNA in the men (14.3%, 9/63) was lower than that of meta-analysis result (23.9%) in Korean women with normal cytology (27) is in line with the result from previous reports (28, 29) .
The present findings suggest that AAV could be related to repeated miscarriages and male infertility. It will be worth the effort to learn the mechanism on how AAV affects to spermatogenesis and to confirm whether AAV and helper virus decrease the success rate of IVF-ET. Additionally, the further research with women should be included to better understand the relationship between repeated miscarriages and AAV infection.
